known to be widely distributed in animal tissues, plants, and microorganisms. The enzyme hydrolyzes nonreducing terminal monosaccharide residues of TV-acetylchitooligosaccharides and of carbohydrate units in complex
carbohydrates.1} Recently we isolated a fungal strain, Trichoderma harzianum AF6-T8from soil, which produced chitinolytic enzymes composed of chitinase and jS-TV-acetylglucosaminidase in a medium containing chitin. 2'3) In this study, the /?-7V-acetylgmcosaminidase was purified from a culture filtrate of T.
harzianum and characterized with respect to several chemical and enzymatic properties. The enzyme was found to be a /?-7V-acetylhexosaminidase because it hydrolyzed both of the substrates, pNPGlcNAc and pNPGalNAc. This enzyme was proved to have a strict substrate specificity to carbohydrate units in complexcarbohydrates. Squid-pen chitin was presented by Nippon Suisan Kaisha Ltd. All other chemicals used were of reagent grade.
Enzyme production. Trichoderma harzianum AF6-T8
was cultured aerobically for 3 days at 25°C in a medium composed of0.5% squid pen chitin, 0.2% peptone, 0.05% yeast extract, 0.1% KH2PO4, and 0.03% MgSO4à"7H2O, pH 5.0. The culture broth was filtered through a filter paper under reduced pressure and the filtrate was used as the crude enzyme.
Enzyme purification. Unless otherwise indicated, all operations in the purification steps were done at 4°C. The crude enzyme was concentrated to 1/60 of its original volume by ultra-filtration, and a portion of the concentrate was put on a SP-Toyopearl column (1.6 x 12cm) previously equilibrated with lOmM acetate buffer (pH 4.5). After washed with starting buffer (10mMacetate
PA-, pyridylamino-. The concentrated enzymesolution was put on SP-Toyopearl column (1.6 x 12cm). The column was eluted with 10mMacetate buffer (pH 4.5) at a flow rate 18ml/hr, followed by linear gradient elution with 10mM acetate buffer (pH 4.5) to 100mMacetate buffer (pH 6.0), and finally washed with 100mMacetate buffer containing 0.4m NaCl (These steps are illustrated by the broken line). Fractions of 3 ml were collected. #, /?-7V-acetylhexosaminidase (/?-GlcNAcase); O, chitinase; , absorbance at 280 nm; -, fraction pooled. Fig. 2 . These results suggest that the enzyme is composed of two identical subunits.
Effects of pH on activity and stability The optimum pHs of /?-7V-acetylhexosamini- j5-7V-Acetylhexosaminidase from Trichoderma harzianum dase (/?-GlcNAcase) were around 4.0-5.5 and not less than 80%of the activity remained at pHs between 2.5 and 10.0 at 5°C and between 3 .0 and 9.0 at 37°C for 1hr.
Effects of temperature on activity and stability The optimum temperature of the enzyme was 50°C at pH 5.2 (Fig.  3a) . Complete thermal stability of the enzymewas found on heating below 30°C for 30min in Mcllvaine buffer (pH 5.2) and over 50% of the activity remained after heating at 65°C for 30min in the same buffer (Fig. 3b) .
Effects of various chemicals
Effects of various metallic salts and several organic reagents were tested on /?-vV-acetylhexosaminidase activity and the results summarized in Table II 
Effects of substrate concentration
The reaction velocity was measured at substrate (pNPGlcNAc) concentrations between 0.1 and 1m at 37°C. The Michaelis constant {Km) and molecular activity were 0.24mM and 627SCC"1, respectively.
Substrate specificity
The /?-7V-acetylhexosaminidase liberated Nacetylglucosamine residues from TV-acetylchito-
oligosaccharides.
The relative rates of hydrolysis of these substrates are shown in Table III . The rates of hydrolysis of Nacetylchitooligosaccharides decreased as their molecular weight increased.
/?-Nitrophenyl tetra-7V-acetylchitotetraoside (0.25 mg) was incubated with /?-7V-acetylhexosaminidase (0.017 U) in 1 ml of20mMacetate
buffer (pH 5.0) at 37°C for 2hr. After the desired incubation time, a portion of the reaction mixture was boiled for lOmin to stop the reaction and the products of the hydrolysis were measured through HPLC analysis. The results are" shown in Table IV . Increase and/ or decrease of /?-nitrophenyl oligosaccharides Table III . Substrate Specificity of T. harzianum P-TV-ACETYLHEXOSAMINIDASE The enzyme (0.03 unit) was incubated with 1 ml of 1 mM substrates in Mcllvaine buffer (pH 5.2) at 37°C for 10 min. /7-Nitrophenol released from pNPGlcNAcand GlcNAc from TV-acetylchitooligosaccharidesweremeasured.
Substrate
Relative rate (%) This fact indicates, on the other hand, that the enzyme reaction on tri-7V-acetylchitotriose-PA (substrate b) was probably not influenced by PA-labeling, and it also indicates that PAlabeling on the reducing terminal residues of the following substrates c-h, which consist of trisaccharide or the more saccharides, would not influence the enzyme reaction on themselves. However, the GalNAc/?l-3Gal and GalNAc/?l-4Gal linkages in PA-oligosaccharides d and e resisted hydrolysis by the enzyme. The GlcNAcj81-2Man, GlcNAc£l-4Man, and GlcNAc/? l -6Man linkages in PA-oligosaccharides f, g and h were also not hydrolyzed. The apparent Michaelis constants and molecular activities for the reaction with PA-oligosaccharides a, b, and c as substrates are shown in Table  V .
These observations suggest that the fi-Nacetylhexosaminidase from T. harzianum has a high substrate specificity on 7V-acetylchitooligosaccharides and recognizes not only the non-reducing terminal GlcNAc but also the neighboring residue. In regard to the sugar ?-7V-Acetylhexosaminidase from Trichoderma harzianum chains in complex carbohydrates, the enzyme hydrolysed only GlcNAc/?l-3Gal linkage, though the specific activity was low. fi-NAcetylhexosaminidases used for the analysis of sugar chain structures are from Jack bean and Streptococcus pneumoniaeetc., and it is known that the former enzyme has a broad specificity13) and the latter has a strict specificity.14)
In this study the enzymefrom T. harzianum showed such a strict specificity that the enzyme may be able to be used for the analysis of sugar chain structures. Weintend to examine the action of the enzyme on native forms of complex carbohydrates.
